
INTRODUCTION

The tropical rainforest is one of the most diverse 
ecosystems on earth as they hold the habitats for 
various types of plants, animals, and microorganisms 
species. One of the subsections of tropical rainforests 
is the tropical island forest. This closed island 
ecosystem is usually associated with high endemism 
but a moderate level of species diversity (Kier et al., 
2008). A high level of endemism occurs due to the 
development of distinct genetic reservoirs and the 
occurrence of highly specialized species caused by the 
isolation of islands over geological time (Sivaperuman 
et al., 2008). It the unique in its biodiversity and 
physical environment often subjected to various 
natural and anthropogenic issues (Sivaperuman et al., 
2008).   The simple interaction between organisms 
in the island ecosystem governed by local selection 
pressure makes them susceptible to any pressure 
(Samways et al., 2010). Assessing the biodiversity of 
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flora and fauna in island ecosystems can serve as a 
model system for biodiversity conservation (Russel & 
Kueffer, 2019) and is crucial in making policies and 
any management plan to sustain the tropical island 
forest organisms (McGinley et al., 2019). 

Insects (Class Insecta) are ubiquitous components 
in the environment including terrestrial and freshwater 
by being a part of food webs but have the least portion of 
cumulative biomass compared to plants and microbes 
(Yang & Grattan, 2014). Their morphologically small 
size, primarily allows them to inhabit more habitats 
and niches compared to the larger fauna (Mohd 
Pudzi et al., 2017). Class Insecta are classified into 
30 orders with eight dominant orders (Campbell, 
2020). Insect diversity makes up three-quarters of 
all species and they have been hugely successful in 
terms of species richness and abundance (Samways 
(2005). The four major orders of these diverse species 
are Coleoptera (beetles), Lepidoptera (moths and 
butterflies), Hymenoptera (sawflies, ants, bees, and 
wasps), and Diptera (true flies) (Jarzembowski, 2021) 

DIVERSITY AND DISTRIBUTION OF CLASS INSECTA FROM 
SELECTED AREA OF TUBA ISLAND RESERVE FOREST

SITI KHAIRIYAH MOHD HATTA1,2*, NURSYAFIEZA RUSIDILBUKHARI1, NUR NADIAH MD YUSOF1, 
NORASHIRENE MOHAMAD JAMIL1, KAMARUL HAMBALI3, NOOR AKMAL ABD WAHAB4, 

SITI NOORFAHANA MOHD IDRIS4, NORHAFIZAH MOHD ZAZI4 and FAEZAH PARDI1,5 

1Faculty of Applied Sciences, Universiti Teknologi MARA, 40450 Shah Alam, Malaysia
2Sustainable Crop Protection Research Group, Universiti Teknologi MARA, 40450, Shah Alam

3Faculty of Earth Science, Universiti Malaysia Kelantan, Jeli Campus, 17600 Jeli, Kelantan, Malaysia
4Centre of Foundation Studies, Universiti Teknologi MARA (Dengkil Campus), 43800 Dengkil, Malaysia

5Institute for Biodiversity and Sustainable Development, Universiti Teknologi MARA (UiTM), 
40450 Shah Alam, Selangor, Malaysia

*E-mail: sitikhairiyah@uitm.edu.my

Accepted 3 October 2022, Published online 31 October 2022

ABSTRACT

Insects are ubiquitous and inhabit all types of ecosystems that include island ecosystems. A study on the diversity and distribution 
of Class Insecta was conducted at a selected forest area in Pulau Tuba using malaise traps. No insect study has been conducted at 
Pulau Tuba before. Three study sites namely forest fringe, middle forest, and inner forest were chosen. A total of 5883 specimens 
belonging to seven orders and 106 morphospecies of insects were collected. The orders identified were Blattodea, Coleoptera, 
Diptera, Hymenoptera, Hemiptera, Isoptera, and Lepidoptera. Diptera samples were the most found while Blattodea recorded 
the lowest number recorded. Shannon-Wiener Diversity Index (H’) showed that the inner forest had the highest diversity value 
with H’ = 0.53, followed by the forest fringe with H’ = 0.44, and the middle forest with H’ = 0.22. The Evenness Index (E’) 
and Margalef Richness Index (R’) also showed the highest value comes from the inner forest with E’ = 0.28 and R’ = 0.81 
respectively. Kruskal-Wallis test showed that there was a significant difference in insect distribution across three study sites 
where P< 0.05. Overall, this study suggested that the diversity of Class Insecta at Pulau Tuba was low in the three locations 
confirming the low species richness of insects in the island forest ecosystem.
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where Hymenoptera is known to be the largest order 
of insects (Forbes et al., 2018).

The distribution of insects is influenced by abiotic 
and biotic factors. Temperature gives a huge influence 
on species richness and evenness of insects more than 
habitat (Corcos, et al. (2018). Elevation also plays a 
huge role in insect distribution where low elevation 
is often associated with more diverse insect taxa 
(Siti Khairiyah et al., 2013; Cuartas-Hernández & 
Gómez- Murillo, 2015; Mohd. Pudzi, et al., 2017). 
Other abiotic factors that influenced the distribution 
of insects are light intensity (Eo et al., 2009) and 
precipitation (Chen et al., 2019). Biotic factors 
like the number of vegetation (Siti Khairiyah et al., 
2013), types of vegetation (de Cauwer et al., 2006), 
types of tree crown (Gossner, 2009), and relationship 
with predators shaped the distribution of insect 
communities.

Tuba Island is one of 99 islands in the Langkawi 
archipelago encompassing natural forest and a 
distantly located nearby island, both having more 
or less similar common macroclimatic conditions. 
This island is called “Tuba’’ because of a native 
plant species named the Tuba plant that can be 
found abundantly on this island (Majlis Perbandaran 
Langkawi Bandaraya Pelancongan (MPLBP), 2020). 
Tuba Island is a part of Dayang Bunting Geoforest 
Park. The functions of Geoforest park are to preserve 
geodiversity and biodiversity in diverse habitats 
including mangroves, tidal flats, beaches, estuaries, 
coral reefs, caves, limestone, and other various life in 
those areas (Rahmah, 2017). Of all 99 islands in The 
Langkawi archipelago, only six islands are inhabited 
namely, Langkawi (the main island), Tuba, Dayang 
Bunting, Bidan, Song-song, and Bidang (Mohd Yusof 
et al., 2014; Hashim et al., 2015).  

Tuba Island is a well-known island for having 
a diverse scenic landscape that includes mountains, 
forests, and coastal ecosystems within a small island 
and this demanded the intensification of tourism 
activities (Othman & Kamarudin, 2016). Significantly 
modified Malaysia’s terrestrial landscapes and is one 
of the biggest drivers of biodiversity loss, habitat 
fragmentation, and pollution.

This study aims to assess insect diversity and 
distribution in an island ecosystem. This study also 
compares insect distribution across the environmental 
gradient from the forest fringe to the inner forest of the 
island ecosystem. Until today, study is absent on the 
diversity and abundance of class Insecta conducted in 
Tuba Island, Langkawi. Thus, this research is seen as 
an initial approach to creating the first components of a 
faunal inventory on the ecology of Tuba Island. Insects 
react to changes in environmental factors quickly and 
rapidly (Schowalter et al., 2018) enabling them to act 
as indicators of forest conditions for decades (Arnan 
et al., 2010). Due to high sensitivity and fast reaction, 
it also helps to understand the response of species to 

changes in both biotic and abiotic factors (Menéndez 
et al., 2014). Such studies could be used to conserve 
island ecosystems and their special biological features 
as well as assist in the control and protection of likely 
future biodiversity losses (Whittaker & Fernández-
Palacios, 1998; Foottit & Adler, 2009).

MATERIALS AND METHODS

Study site
Tuba Island is located five kilometers Southwest 

of Kuah-Jetty Langkawi and it takes about 15 to 20 
min to Tuba Island by boat. This island has an area of 
1,724 ha (Langkawi Development Authority (LADA), 
2019). The collection of samples was taken from the 
conservative forest near Bukit Puteh and Gua Kelawar 
which are popular destinations for tourists (Figure 1).

Sampling methods
Malaise traps (Figure 2) were used to sample 

the insects starting from the forest fringe to the inner 
forest. The traps were separated from each other by 
about 100 m (Figure 3). Trap 1 represents the forest 
fringe; Trap 2 represents the middle forest and Trap 3 
represents the inner forest. A Census line was set up 
from the forest fringe towards the inner forest to study 
the distribution across environmental gradients.

The traps were placed along the census line. 
Malaise trap with collecting bottle or killing bottle 
attached at the top of the trap and the killing bottle 
was filled with one-third of 70% ethanol (as in Upton 
& Mantle, 2010). The traps were left unattended for 
5 days before being dismantled and the bottles were 
closed.      

Data analysis
The collected insects are brought to the lab 

before being dried, pinned, labeled, and identified 
using a reference book with the key identification. 
The number of species diversity, species evenness, 
and species richness were analyzed using a statistical 
program (PAST) and the Kruskal Wallis test with 
pairwise comparison was conducted to see the mean 
differences in the distribution of insects at three 
different plots.

RESULTS AND DISCUSSION

The abundance of class Insecta orders in a 
selected forest area on Tuba Island

A total of 5883 insects from seven orders and 
106 morphospecies were collected at Tuba Island, 
Langkawi. The orders collected were Blattodea, 
Coleoptera, Diptera, Hemiptera, Hymenoptera, 
Isoptera, and Lepidoptera (Figure 4). The most 
abundant order collected with 92.64% of individuals 
was Order Diptera, followed by Lepidoptera (1.43%), 
Coleoptera (0.90 %), Isoptera (0.17) and Blattodea 
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Fig. 1. The map of study sites on Tuba island. (source: Google Earth) 

Fig. 2. Malaise trap.

Fig. 3. The placement of malaise traps on the census line.
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recorded in less than 10 individuals making it the least 
order recorded (0.10%).

A high number of insects collected despite a short 
duration of sampling is due to the usage of malaise 
traps. This trap is the most effective trap to collect 
insects compared to other traps such as pitfalls, light 
traps, Berlese funnels, and sweep nets (Fraser et al., 
2008). Diptera dominated the insect collection because 
most Dipteran species collected came from gnats 
families that were always associated with swarms, 
thus contributing to the higher number of individuals 
collected. Gnats usually swarm toward the white 
surface (Chiang, 1961) and this situation is expected 
since the malaise trap used is white color. The gnats 
depend on water to lay their eggs where their larvae 
develop including in pools, rain gutters, or even wet 
soil, and expected to be more after rains (Townsend, 
2018) eggs and the rainy season during the sampling 
strengthened the high number of this Diptera. Diptera 
is also one of four dominant insect orders apart from 
Coleoptera, Hymenoptera, and Lepidoptera (Footit & 
Adler, 2009).

Only three percent of Hymenoptera (150 
individuals) were collected in this study, regardless of 
the more than 100 000 described species of this order 
worldwide (Mason & Huber, 1993). A similar study 
on Hymenoptera abundance on the main island of 
Langkawi recorded 640 specimens from two different 
mountains (Siti Khairiyah et al., 2015). The fact that 
the duration of the study is longer than this present 

study together with a greater number of traps installed 
might be the reason for the difference.  

Blattodea recorded the least order found in this 
study. Most literature on this minor order is based 
on their roles as pests in human-dominated habitats 
where this pest only encounters less than 1% of 
described species (Shahraki et al., 2013). Blattodea 
constitutes about 24% of arthropod biomass in tropical 
tree canopies worldwide (Basset, 2001). However, the 
reason behind the low number recorded in this study 
was not investigated. 

The abundance of insect orders at different traps
The distribution of orders between traps showed 

Trap 1 recorded the highest number of total individuals 
of insects which were 2817 insects, followed by Trap 
2 with 2592 individuals of insects, and Trap 3 has 474 
total individuals of insects (Table 1).

The most abundant order was Diptera with a total 
of 5450 individuals where 2549 individuals were 
found in Trap 1, 2488 individuals were collected in 
Trap 2, and a total of 413 individuals were recorded 
in Trap 3. Order Diptera can be found in various kinds 
of habitats, but mostly they live near water sources 
such as streams, lakes, temporary puddles, ponds, and 
brackish and alkaline water (Donald et al., 1989). The 
rainy season during sampling creates puddles and this 
might attract the flies and mosquitoes to inhabit the 
study sites during the sampling duration. 

A total of 106 morphospecies were collected in 
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Fig. 4. The orders of Class Insecta collected at Tuba Island.
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this study from a total of 5883 individuals collected. 
This study has a smaller number of species compared 
to a study on three islets in Nigeria from April to 
July 2009 with a total of 144 species and the highest 
island recorded 140 species (Aissat & Moulai, 2016).  
The most diverse order was Hymenoptera with 
32 morphospecies, followed by order Diptera (27 
morphospecies), Lepidoptera (19 morphospecies), 
Coleoptera (13 morphospecies), Hemiptera (12 
morphospecies), Isoptera (two morphospecies), 
and Blattodea (one morphospecies) (Table 4.1). 
Hymenoptera in Tuba Island recorded fewer species 
from the main Langkawi archipelago with 46 species 
(Siti Khairiyah et al., 2015). 

Trap 1 was located at the forest fringe where 
the number of vegetation is high. This diversity of 
vegetation provides a food source for most insect 
orders (Aissat & Moulai, 2016). A study at the oil 
palm plantation that planted a beneficial plant, Tunera 
sp. at the margin area recorded the highest insect 
collected, especially Diptera (Mohd Hanysyam., et 
al., 2013). A similar study by Mohd Hatta et al. (2015) 
also found Diptera and Orthoptera more diverse at the 
forest fringe while Hemiptera was diverse in the inner 
forest. Forest fringe is also more open where high 
light intensity is present thus attracting more insects 
(Gossner 2009). 

Sampling collection was conducted during the 
first monsoon or known as the southwest monsoon. 
This monsoon is always associated with a flood, 
heavy rainstorms, and changes in wind speed or 
gusts (Lockard, et al., 2021).  Raindrops cause in-
flight distress to fly insects although some of them 
have adapted to reduce the impacts of the raindrops 
(Dickerson et al., 2012). Heavy rains can also cause 
low life expectancy and prevent movement within and 
between habitats (Pellegreno et al., 2013). Changes in 
the frequency of precipitation may affect the survival 
and development of insect herbivores (Chen et al., 

2019).
Diversity of insect orders

The overall Shannon-Wiener Diversity Index 
(H’) showed the diversity was higher in Trap 3 (H’= 
0.53) compared to Trap 1 (H’= 0.44) and Trap 2 (H’= 
0.22) even though the least number of individuals 
were collected here. The typical values of diversity 
are generally between 1.5 and 3.5 whereas, in most 
ecological studies, the index is rarely greater than 4 
(Mohamed et al., 2019). Species richness and species 
evenness of the community contributed to the H’ 
value where high numbers of both will lead to a high 
number of H’ (Chung et al., 2016).

Evenness Index (E’) measures give way to a 
specific interpretation of community organization and 
it ranges from zero to one, with one having a complete 
evenness in the area (Beisel et al., 2003). The value of 
E’ for Trap 3 (E’= 0.28) was higher compared to Trap 
1 (E’= 0.26) and Trap 2 (E’= 0.21). This explained 
that Trap 3 showed the least dominance of order 
compared to the other two traps. The low overall E’ 
value in this study site is due to the higher number of 
Diptera individuals collected compared to the other 
orders.

Trap 1 and Trap 2 showed a similar value of 
Margalef Richness Index with R’= 0.63, while the R’ 
value for Trap 3 was 0.81. This showed that Trap 3 
has the highest R’ value and this area has the highest 
species richness compared to Trap 1 and Trap 2. Even 
though the number of individuals collected in Trap 3 
was less than the others, this trap recorded the highest 
number of morphospecies collected. The distribution 
of insect orders across the environmental gradient 
from the forest fringe to the inner forest differ 
significantly (Kruskal Wallis, χ2=31.34, df=2, P<0.05) 
where the pairs contribute to the significance are from 
Trap 1 – Trap 2 and Trap 2- Trap 3. The orders are not 
significantly distributed between Trap 1 and Trap 3. 
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Table 1. Number of insect orders in different traps

Order Morphospecies
Traps

Total individual
1 2 3

Diptera 27 2549(23) 2488(2) 413(2) 5450
Hymenoptera 32 66(27) 48(2) 36(3) 150
Hemiptera 12 111(11) 10(1) 9(1) 130
Lepidoptera 19 52(7) 27(9) 5(3) 84
Coleoptera 13 33(9) 10(3) 10(1) 53
Isoptera 2 0 9(2) 1(1) 10
Blattodea 1 6(1) 0 0 6
Total individual 2817 2592 474 5883

48% 44% 8%

Total Order 7 6 6 6

Total morphospecies 106 78 18 10
(The value in the bracket is the total number of morphospecies among orders of Class Insecta at the study sites).
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CONCLUSION

The diversity of insects in the island ecosystem is 
indeed low. The sampling during the rainy season 
and fewer traps used might contribute to the results. 
Endemism is usually high in the island ecosystem 
however, it was not investigated in this study. Tuba 
Island is one of the Langkawi Archipelago which 
was awarded as the Global Geopark that functions to 
preserve the geodiversity and biodiversity of many 
florae, fauna, and ecosystems. This action is great to 
maintain and conserve our endangered and extinct 
animals and plants as well as to protect their habitat 
that is rich with endemic species. 
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